Abstract -Several techniques f o r t h e p r e p a r a t i o n o f w e l l d e f i n e d c o l l o i d a l dispersions c o n s i s t i n g o f uniform p a r t i c l e s o f d i f f e r e n t chemical composit i o n , shape, and s i z e are described.
INTRODUCTION

Modern ceramics incorporates a huge number o f m a t e r i a l s f o r countless a p p l i c a t i o n s , i n c l u d i n g engine p a r t s , computer components, sensors, superconductors, c a t a l y s t s , pigments, magnetic recording p a r t i c l e s , drug d e l i v e r y systems, and many others. The s p e c i f i c a t i o n s w i t h respect t o t h e performance o f such products a r e becoming more s t r i n g e n t , r e q u i r i n g ceramics o f c a r e f u l l y c o n t r o l l e d and r e p r o d u c i b l e c h a r a c t e r i s t i c s . I n t h e m a j o r i t y o f cases these m a t e r i a l s a r e composites, made up o r i g i n a l l y o f much smaller c o n s t i t u e n t s . Thus, i t i s now w i d e l y acknowledged t h a t one o f t h e p r e r e q u i s i t e s f o r more successful preparations o f s o l i d s f o r high-tech uses i s t h e a v a i l a b i l i t y o f powders c o n s i s t i n g o f p a r t i c l e s u n i f o r m i n composition, size, shape, p o r o s i t y , e t c , which on processing w i l l y i e l d products o f desired p r o p e r t i e s . To quote a recent a r t i c l e : "
The s e c r e t o f improving a ceramic m a t e r i a l i s t o c o n t r o l i t s s t r u c t u r e a t v e r y small l e n g t h scales i n an e a r l y stage o f f a b r i c a t i o n . Chemistry may be t h e way t o succeed i n t h i s goal" ( r e f . 1).
Obviously, i t i s necessary t o develop techniques f o r t h e synthesis o f precursor powders w i t h u n i f o r m p a r t i c l e s o f micrometer o r l e s s i n size.
Next, f o r successful processing one must c o n t r o l t h e i r s t a b i l i t y and mutual i n t e r a c t i o n s ( e s p e c i a l l y i n mixed systems) , which are a f f e c t e d by f o r c e s a c t i n g between primary p a r t i c l e s . F i n a l l y , depending on a p p l i c a t i o n , these powders need t o meet c e r t a i n requirements w i t h regard t o t h e i r o p t i c a l , magnetic, charge, conductance, and o t h e r p r o p e r t i e s .
A l l o f these aspects o f f i n e l y dispersed m a t t e r a r e i n t h e domain o f c l a s s i c a l c o l l o i d science. Therefore, i t i s no s u r p r i s e t h a t communications between i n v e s t i g a t o r s i n t h e d i s c i p l i n e s o f ceramics and c o l l o i d s and i n t e r f a c e s have g r e a t l y i n t e n s i f i e d i n r e c e n t years ( r e f s . [2] [3] [4] [5] .
Recently, we note s u b s t a n t i a l progress i n t h e development o f techniques and i n t h e understanding o f t h e u n d e r l y i n g fundamental p r i n c i p l e s f o r production o f w e l l d e f i n e d c o l l o i d s . Several extensive reviews have been published on t h i s subject, which summarize t h e accomplishments i n t h e f i e l d ( r e f . 6-10).
A l a r g e number o f simple and complex i n o r g a n i c , organic, o r mixed compounds a r e now a v a i l a b l e as dispersions o r powders c o n s i s t i n g o f "monosized" p a r t i c l e s .
I n t h i s work t h e new r e s u l t s on t h e p r e p a r a t i o n o f such m a t e r i a l s are described w i t h s p e c i a l reference t o p r e c i p i t a t i o n from e l e c t r o l y t e s o l u t i o n s and aerosol techniques.
I n t h e case o f t h e former procedure, t h e emphasis w i l l be on t h e e x p l o i t a t i o n o f complex chemistry i n order t o generate p a r t i c l e s o f d i f f e r e n t p r o p e r t i e s . The g r e a t s e n s i t i v i t y o f t h e s o l i d phase formation i n homogeneous s o l u t i o n s t o small changes i n t h e experimental c o n d i t i o n s w i l l be i l l u s t r a t e d .
Yet, by a c a r e f u l c o n t r o l o f t h e processes, u n i f o r m p a r t i c l e s o f a l l k i n d s o f chemical compositions and morphologies can be r e p r o d u c i b l y generated.
I n t h e use o f l i q u i d aerosols f o r p a r t i c l e p r e p a r a t i o n chemical processes are constrained t o i n d i v i d u a l d r o p l e t s , each representing a separate " r e a c t i o n container", i n c o n t a c t w i t h a vapor t h a t a c t s as a coreactant.
The so generated dispersions can be used i n various studies, such as i n t h e determination o f t h e i r s t a b i l i t y , i n t e r a c t i o n s w i t h s o l u t e s and o t h e r dispersed matter, as w e l l as i n p a r t i c l e adhesion phenomena.
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PRECIPITATION TECHNIQUE
A. General considerations
The most cornon process f o r the preparation of f i n e inorganic p a r t i c l e s i s precipitation from e l e c t r o l y t e solutions. To achieve uniformity of the dispersed matter, i t i s e s s e n t i a l t o have a single nucleation stage, followed by a controlled p a r t i c l e growth. The burst of nuclei occurs when c r i t i c a l supersaturation i s achieved of particle-forming s o l u t e s , brhich may consist of one o r more complex species. The l a t t e r depend strongly on the nature In ( A ) , ( B ) , and (C) the longest bar correspmds t o 10 w, while i n (0) t o 1 w.
o f t h e s o l u t i o n s (concentration o f t h e s a l t s , choice o f anions f o r a given c a t i o n and v i c e versa, ptl, solvent composition, etc.) and 011 t h e c o n d i t i o n s (temperature, s t i r r i n g , s i z e o f t h e volume, etc.) under which t h e experiments are c a r r i e d out. It i s t h e complex chemistry o f t h e s o l u t i o n s i n each s p e c i f i c case t h a t determines t h e composition and t h e morphology o f the f i n a l products. Obviously, t h i s s e n s i t i v i t y o f t h e p r e c i p i t a t i o n processes t o so many parameters can be both b e n e f i c i a l and detrimental i n t h e e f f o r t s t o synthesize uniform c o l l o i d s . E s t a b l i s h i n g t h e optimum c o n d i t i o n s t o generate such products i s a t i m e consuming and painstaking p r o j e c t .
However, t h e p r e c i p i t a t i o n from s o l u t i o n s o f f e r s t h e o p p o r t u n i t y t o o b t a i n a v a r i e t y o f p a r t i c l e s i n terms o f t h e i r chemical composition, s t r u c t u r e , shape, and size. Furthermore, no special equipment i s needed; a constant temperature environment, i n f r e q u e n t l y exceeding IOO'C, s u f f i c e s i n most cases.
There are a number o f questions which need t o be resolved, p a r t i c u l a r l y w i t h respect t o t h e nature o f dispersions generated from a given e l e c t r o l y t e s o l u t i o n .
I n some instances t h e same r e a c t i n g comFonents w i l l y i e l d p a r t i c l e s o f d i f f e r e n t morphologies and even o f d i f f e r e n t composition when e i t h e r t h e concentration o f t h e s o l u t e s o r t h e temperature and/or t h e l e n g t h o f aging t h e systems i s a l t e r e d . For example, i n f e r r i c c h l o r i d e s o l u t i o n s a c i d i f i e d with HC1 and heated f o r a given p e r i o d o f time, depending on t h e conceotration o f t h e reactants, e i t h e r 6-FeOOH o r a-FeZ03 p a r t i c l e s are p r e c i p i t a t e d . While t h e former appear as rods o f v a r y i n g a x i a l r a t i o s , t h e l a t t e r a r e o f spherical, cubic, o r e l l i p s o i d a l morphology. The p a r t i c l e shape can be a l t e r e d by changing t h e anions; i.e., under i d e n t i c a l c o n d i t i o n s f e r r i c c h l o r i d e , n i t r a t e , o r p e r c h l o r a t e w i l l r e s u l t i n hematite p a r t i c l e s o f d i f f e r e n t shapes ( r e f . 11).
In o t h e r cases t h e presence o f various anions r e s u l t s i n e n t i r e l y d i f f e r e n t products f o r the same c a t i o n i c species.
An example o f such e f f e c t s i s o f f e r e d i n Fig. 1 , which shows e l e c t r o n micrographs o f a s e r i e s o f p a r t i c l e s p r e c i p i t a t e d from copper( 11) s o l u t i o n s i n t h e presence o f urea. Thus, s o l u t i o n s o f CuC1, y i e l d octahedral p a r t i c l e s o f copper(I1) oxychloride (Fig. l A ) , w h i l e those o f CuSO, r e s u l t i n elongated c r y s t a l s o f copper(I1) basic s u l f a t e (Fig. 18) Fig. 2 . The two d r a s t i c a l l y d i f f e r e n t kinds o f p a r t i c l e s were generated from i d e n t i c a l s o l u t i o n s o f lanthanum n i t r a t e c o n t a i n i n g urea.
. E l e c t r o n micrographs 1 C and D are o f spherical p a r t i c l e s p r e c i p i t a t e d i n Cu(N03), s o l u t i o n s under somewhat d i f f e r e n t conditions. The s o l i d i l l u s t r a t e d i n Fig. 1C appears black and t h a t o f Fig. 1D i s green; t h e former i s e s s e n t i a l l y a copper oxide, whereas t h e l a t t e r i s a basic carbonate ( r e f . 12). I n these examples t h e emphasis i s on t h e shape o f t h e p a r t i c l e s r a t h e r than t h e i r u n i f o r m i t y .
The s e n s i t i v i t y o f t h e p r o p e r t i e s o f t h e products t o small changes i n experimental c o n d i t i o n s i s i l l u s t r a t e d i n
The aging o f t h e systems a t t h e elevated temperature t h a t y i e l d e d s p h e r i c a l p a r t i c l e s was c a r r i e d o u t i n closed tubes, w h i l e those r e s u l t i n g i n elongated p a r c i c l e s i n open tubes with s t i r r i n g .
It should be noted t h a t l i t t l e l o s s i n t h e volume o f t h e l i q u i d occurred i n t h e l a t t e r case. Another example o f t h e e f f e c t o f experimental c o n d i t i o n s on t h e p a r t i c l e composition and shape, generated from s o l u t i o n s o f t h e same reactants, i s o f f e r e d i n F i g . 3. The spheres c o n s i s t i n g o f Y(OH)CO,.H,O were obtained by h e a t i n g an YC1, s o l u t i o n i n t h e presence o f urea a t 90°C f o r 2.5 h r (Fig. 3A) .
Longer aging times a t 115OC and somewhat d i f f e r e n t concentrations o f t h e s o l u t e s r e s u l t e d i n r o d -l i k e p a r t i c l e s o f Y2(NH,)(C0,),.3H,0 shown i n Fig. 3B . The d i f f e r e n c e i n t h e chemical composition (and correspondingly i n morphology) can be r e l a t e d t o decomposition products o f urea, which v a r y w i t h temperature and r e a c t i o n t i n e .
I n o r d e r t o i n s u r e r e p r o d u c i b i l i t y , i t i s necessary t o e s t a b l i s h t h e p r e c i p i t a t i o n
boundaries t h a t w i l l d e l i n e a t e experimental parameters l e a d i n g t o a given product. Two such domains are i l l u s t r a t e d i n Fig. 4 f o r s o l u t i o n s c o n t a i n i n g Y(N03), and urea, i n which code l e t t e r s i n d i c a t e t h e norphology o f t h e r e s u l t i n g p a r t i c l e s ( r e f . 12).
A l l described systems have been prepared i n t h e presence o f urea, which on h e a t i n g decomposes t o C02 and NH; i n a c i d i c aqueous s o l u t i o n s , and t o NH, and Cog-species i n b a s i c or n e u t r a l s o l u t i o n s . As a consequence e i t h e r metal i o n h y d r o l y s i s i s promoted t o g i v e s e t a l (hydrous) oxides o r simple ( o r mixed) carbonates a r e formed.
Thus, i n t r o d u c i n g urea g i v e s r i s e t o a l a r g e v a r i e t y o f compounds which may p r e c i p i t a t e as u n i f o r m F a r t i c l e s under p r o p e r l y c o n t r o l l e d aging c o n d i t i o n s . Table I summarizes a number o f such d i v e r s e products obtained i n t h e presence o f urea.
Whether hydrous oxides o r carbonates w i l l form depends on t h e r e l a t i v e s o l u b i l i t i e s o f t h e corresponding compounds.
I t should be emphasized t h a t urea i s n o t e s s e n t i a l i n t h e p r e p a r a t i o n o f many c o l l o i d a l metal (hydrous) oxides o f narrow s i z e d i s t r i b u t i o n .
Indeed, r e a d i l y hydrolyzable i o n s w i l l y i e l d such p a r t i c l e s by h y d r o l y s i s o f metal s a l t s s o l u t i o n s w i t h o u t any a d d i t i v e s , as i t was demonstrated on a number o f examples ( r e f s . 6, 7, 11, [22] [23] [24] [25] [26] .
The process i s f r eq u e n t l y accomplished by adequate h e a t i n g o f metal s a l t s o l u t i o n s ( f o r c e d h y d r o l y s i s ) . The a d d i t i o n o f urea i s e s s e n t i a l i n promoting h y d r o l y s i s o f weakly hydrolyzable c a t i o n s , although i n such cases o t h e r complexes may form as i l l u s t r a t e d i n Table I .
It should be noted t h a t t h e described p r i n c i p l e s do n o t a p p l y o n l y t o metal (hydrous) oxides o r carbonates, which have been m a i n l y d e a l t w i t h so f a r .
Decomposition o f thioacetamide under p r o p e r l y c o n t r o l l e d c o n d i t i o n s y i e l d s u n i f o r m metal s u l f i d e s ( r e f s . 22-24), w h i l e selenourea g i v e s metal selenides ( r e f . 25).
It i s r e a d i l y r a t i o n a l i z e d t h a t a l l described phenomena a r e due t o d i f f e r e n t coniplexation r e a c t i o n s i n s o l u t i o n which precede t h e p r e c i p i t a t i o n o f a s o l i d phase.
A d e t a i l e d understanding o f these processes r e q u i r e s t h e knowledge o f t h e k i n e t i c s o f t h e f o r m a t i o n and disappearance of a l l solutes before and during the nucleation and p a r t i c l e growth stages, which i s by no means an easy task. Once such solution complex chemistry i s known, i t i s possible t o explain why certain s o l i d s appear i n a given crystal habit. A more d i f f i c u l t task i s the elucidation of the reasons f o r d i f f e r e n t morphologies of p a r t i c l e s of the same chemical composition, generated e i t h e r in solutions of the same reactants under often s l i g h t l y d i f f e r e n t conditions, o r by changing anions while cations remain the same. Spherical p a r t i c l e s precipitated from aqueous e l e c t r o l y t e solutions deserve special comments.
In some cases such dispersions consist of amorphous materials, exemplified by aluminum or chromium (hydrous) oxides, which are obtained simply by forced hydrolysis of the corresponding metal s u l f a t e solutions ( r e f s . 26,27).
However, spherical p a r t i c l e s of cerium(1V) oxide, iron( 111) oxide, cadmium s u l f i d e , zinc s u l f i d e , e t c . , precipitated by the same procedure, show d i s t i n c t X-ray patterns c h a r a c t e r i s t i c of known c r y s t a l l i n e materials o r minerals of the same chemical compositions ( r e f s . 11, 28-30). I t i s obvious t h a t such a method of preparation cannot yield spherical single c r y s t a l s . Indeed, i t was documented by low angle X-ray analysis and by electron microscopy t h a t these spheres were b u i l t up of subunits of much smaller s i z e , hence having i n t e r n a l l y composite structure. Figure 5 shows a s e r i e s of electron micrographs which c l e a r l y demonstrate t h e aggregation of very small p a r t i c l e s i n t o l a r g e r uniform spheres ( r e f . 30). The process can be followed by optical means, a s demonstrated i n Fig. 6 , which gives the change i n the l i g h t s c a t t e r i n g i n t e n s i t y a s a function of time i n a solution of zirconium s u l f a t e aged a t 50, 80, and 90°C. The increase i n t u r b i d i t y i s due t o nucleation and growth of "primary" p a r t i c l e s . After a given induction period, t u r b i d i t y decreases again indicating the onset of the aggregation process, whereby the number of p a r t i c l e s i s d r a s t i c a l l y reduced while the s i z e of the resultant spheres increases. 
Particles of mixed cation composition
I t was shown i n the previous section t h a t many s o l i d s generated in a metal s a l t solution actually have a mixed chemical composition with respect t o the incorporated anions. This e f f e c t i s due t o the formation of solute complexes, such a s hydrolyzed cations, which a l s o coordinate another anion. Precipitated p a r t i c l e s contain t h i s anion along with the hydroxide ion, e i t h e r i n stoichiometric o r nonstoichiometric r a t i o s .
I n many applications i t i s desirable t o have p a r t i c l e s w i t h more than one cation, i n order t o modify t h e i r properties ( c a t a l y t i c , magnetic, o p t i c a l , e l e c t r i c a l , etc.). It i s shown here t h a t the p r e c i p i t a t i o n technique can be applied t o t h i s end. A mixture o f metal s a l t solutions i n d i f f e r e n t molar r a t i o s may y i e l d on aging uniform p a r t i c l e s under conditions s i m i l a r t o those applied t o i n d i v i d u a l systems when t r e a t e d separately.
The more s i m i l a r the chemical properties o f the two cations, the more e a s i l y are formed composite solids.
I n some cases the content i n cations i n the s o l i d phase r e f l e c t s almost e x a c t l y the composition o f the s o l u t i o n from which the p a r t i c l e s are p r e c i p i t a t e d . C i r c l e s a r e a n a l y t i c a l data obtained f o r p a r t i c l e s generated from s o l u t i o n s c o n t a i n i n g Cu(I1) t o Y(II1) s a l t s i n d i f f e r e n t r a t i o s , w h i l e several p o i n t s f o r t h e same value o f t h e abscissa r e f e r t o d i f f e r e n t concentrations o f metal s a l t s .
hich correspond t o t h e molar r a t i o s o f t h e c a t i o n s i n t h e r e s p e c t i v e s o l u t i o n s . I n both examples amorphous s p h e r i c a l p a r t i c l e s o f narrow s i z e d i s t r i b u t i o n are obtained. On c a l c i n a t i o n a t elevated temperatures (e.g., 65OOC) t h e same s o l i d s a r e converted t o c r y s t a l l i n e metal oxides, y e t t h e s p h e r i c a l shape i s preserved.
Figure 8 deals w i t h mixed Y ( I I I ) / C u ( I I ) systems. The o r d i n a t e g i v e s t h e percent o f CuZt i n spherical p a r t i c l e s f o r d i f f e r e n t C u ( I I ) / Y ( I I I ) r a t i o s i n t h e s a l t s o l u t i o n s i n which
I n a l l cases urea was present, b u t i t s concentration v a r i e d i n i n d i v i d u a l experiments.
It would seem t h a t t h e composite p a r t i c l e s o f e s s e n t i a l l y t h e same stoichiornetry p r e c i p i t a t e d i n a l l these systems ( r e f . 31). 
C. Phase transformations
Under t h i s heading we describe a v a r i e t y o f phenomena i n which one k i n d o f s o l i d s i s f i r s t formed and subsequently transformed i n t o another k i n d o f s o l i d s . Such processes a r e more common than g e n e r a l l y recognized. The changes may i n v o l v e chemical composition w h i l e t h e morphology i s r e t a i n e d o r , conversely, t h e p a r t i c l e shape may be a l t e r e d w h i l e t h e chemical composition remains t h e same. F i n a l l y , both t h e composition and t h e shape can be modified.
I n some instances t r a n s f o r m a t i o n takes place spontaneously and may n o t even be detected, w h i l e i n o t h e r s i t u a t i o n s such changes a r e induced t o produce p a r t i c l e s o f s p e c i f i c p r o p e r t i e s . I n t h e l a t t e r case h i g h temperature treatment, o x i d a t i o n , reduction, o r o t h e r " a t t a c k s " on t h e o r i g i n a l m a t t e r are a p p l i e d t o achieve a d i f f e r e n t product.
For example, i t was shown t h a t aging under a c e r t a i n s e t o f c o n d i t i o n s f e r r o u s hydroxide g e l s a t moderate temperatures (90OC) y i e l d s u n i f o r m spherical magnetite p a r t i c l e s i n t h e presence o f a m i l d o x i d i z i n g agent (NO;) ( r e f . 32).
E l l i p s o i d a l maghemite can be obtained from hematite p a r t i c l e s o f t h e same shape by a sequence o f r e d u c t i o n and r e -o x i d a t i o n processes (Fig. 9A) ( r e f . 33) , w h i l e complete r e d u c t i o n r e s u l t s i n pure i r o n o f t h e same morphology (Fig. 9B) ( r e f . 34).
Phase t r a n s f o r m a t i o n nay t a k e place spontaneously, sometimes j u s t by changing t h e l i q u i d environment. Figure 10A shows spherical amorphous p a r t i c l e s o f lanthanum b a s i c carbonate which, when separated and suspended i n pure water, c r y s t a l l i z e i n t o p l a t e l e t s d i s p l a y e d i n t h e e l e c t r o n micrograph 1OB. The l a t t e r c r y s t a l l i t e s do n o t f u r t h e r change on (Fig. 1lB) on standing a t room temperature, while the composition remains the same ( r e f . 36).
These selected examples c l e a r l y indicate t h a t d i f f e r e n t dispersed matter can be prepared by manipulating certain s o l i d s in order t o change t h e i r composition, shape, and s i z e . In many cases the reasons f o r such transformations a r e not understood; the elucidation of these processes represents a genuine challenge f o r s c i e n t i s t s i n this f i e l d .
D. Coated particles
Another approach i n modifying properties of a powder i s t o coat t h e p a r t i c l e s w i t h a material of a d i f f e r e n t chemical composition. Again, i t i s possible t o achieve a uniform layer by precipitation from aqueous solutions. Figure 12 i l l u s t r a t e s e l l i p s o i d a l hematite p a r t i c l e s coated w i t h yttrium oxide ( r e f . 37). The o r i g i n a l l y deposited surface layer consists of yttrium basic carbonate, which on calcination changes t o the corresponding oxide. The core dispersion was chosen because of the p a r t i c l e shape.
I n excess of the coating material yttrium basic carbonate not only covers hematite, b u t a l s o p r e c i p i t a t e s a s separate spheres. Thus, one can usually detect extraneous p a r t i c l e s , simply by inspecting the electron micrographs.
Using various modifications i n t h e procedure, d i f f e r e n t core p a r t i c l e s (chromium hydrous oxide, hematite, t i t a n i a ) were coated with aluminum oxide ( r e f . 38), o r hematite with chromium hydrous oxide ( r e f . 39). The l a s t example is used t o i l l u s t r a t e t h a t surface c h a r a c t e r i s t i c s o f the s o l i d s are altered by such deposits, i . e . , the coated p a r t i c l e s behave a s the coating material i t s e l f . Figure 13 shows t h a t the d i f f e r e n t i a l scanning calorimetry curves f o r chromium hydrous oxide p a r t i c l e s and f o r hematite coated with the same material a r e i d e n t i c a l , b u t d i f f e r from t h a t of the pure core material.
Well defined inorganic colloidal p a r t i c l e s can be used as c a r r i e r s f o r organic compounds. The electron micrograph i n Fig. 14A shows chromium hydrous oxide p a r t i c l e s covered w i t h ovalbumin. For t h i s purpose the protein was added t o an aqueous dispersion of the s o l i d p a r t i c l e s and the system equilibrated by tumbling a t room temperature. The uniform coating layer was made v i s i b l e by staining w i t h tungstophosphoric acid. (6) TEM o f t i t a n i a p a r t i c l e s coated w i t h polyurea using the aerosol technique.
T i t a n i a p a r t i c l e s were f i r s t prepared by exposing d r o p l e t s o f titanium(1V) ethoxide t o water vapor. The r e s u l t i n g p a r t i c l e s were wetted i n the aerosol phase w i t h hexamethylenediisocyanate and subsequently exposed t o ethylenediamine vapor.
AEROSOL TECHNIQUE
An e n t i r e l y d i f f e r e n t p r i n c i p l e i s a p p l i e d i n t h e production o f p a r t i c l e s by chemical r e a c t i o n s w i t h aerosols.
Droplets o f one r e a c t a n t a r e contacted w i t h a vapor o f a coreactant t o g i v e a d e s i r e d powder.
With t h i s technique t h e predominant m a j o r i t y o f p a r t i c l e s appear as spheres, t h e s i z e o f which can be predetermined by s e l e c t i n g t h e proper d r o p l e t diameters.
The method i s e q u a l l y s u i t a b l e f o r t h e p r e p a r a t i o n o f i n o r g a n i c o r organic p a r t i c l e s o f simple o r mixed composition.
I n t h e l a t t e r case t h e d r o p l e t s a r e most conveniently generated by n e b u l i z a t i o n of l i q u i d s o f a d e s i r e d chemical content which w i l l y i e l d f i n a l products o f known composition. With simple l i q u i d s uniform aerosols can be obtained by t h e vaporization/condensation process. For example, spherical t i t a n i a and aluminum p a r t i c l e s were generated by h y d r o l y s i s o f t h e corresponding a l k o x i d e d r o p l e t s w i t h water vapor ( r e f s . 40,41).
Polymer c o l l o i d s could be obtained e i t h e r by exposing monomer d r o p l e t s t o an i n i t i a t o r i n t h e gas phase, such as i n t h e case o f polystyrene ( r e f . 43) and divinylbenzene ( r e f . 42), o r by i n t e r a c t i n g monomer d r o p l e t s w i t h a gaseous coreactant, as was achieved w i t h polyurea ( r e f . 44).
More r e c e n t l y , coated p a r t i c l e s were a l s o prepared by t h e aerosol technique. Figure 146 i l l u s t r a t e s spherical c o l l o i d a l t i t a n i a coated w i t h polyurea ( r e f . 45).
I n a continuous process t h e t i t a n i a aerosol was generated from T i (I'd)-ethoxide onto which hexamethylenediisocyanate was condensed; t h i s aerosol was then exposed t o ethylenediamine t o form t h e polyurea coating. S i m i l a r l y s i l i c a c o a t i n g on t i t a n i a can be achieved by condensing SiC14 on t i t a n i a f o l l o w e d by h y d r o l y s i s w i t h water vapor.
CONCLUDING REMARKS
The purpose o f t h i s s h o r t review i s t o document t h e f e a s i b i l i t y o f t h e p r e p a r a t i o n o f powders c o n s i s t i n g o f exceedingly w e l l d e f i n e d p a r t i c l e s . Since these s o l i d s can be o f simple, mixed, o r coated composition, both i n o r g a n i c and organic, t h e number o f a p p l i c a t i o n s i n many areas o f ceramics i s s e l f -e v i d e n t .
From t h e s c i e n t i f i c p o i n t o f view t h e a v a i l a b i l i t y o f these u n i f o r m dispersions has o f f e r e d t h e o p p o r t u n i t y t o study t h e r e l a t i o n s h i p o f various p r o p e r t i e s o f m a t t e r ( o p t i c a l ,
magnetic, e l e c t r i c ) as a f u n c t i o n o f p a r t i c l e composition, size, and shape. The t a s k o f e s t a b l i s h i n g t h e dependence o f t h e morphology o f t h e p r e c i p i t a t e d s o l i d s on t h e composition o f t h e s o l u t i o n s i n which these a r e generated, although s t i l l r a t h e r d i f f i c u l t , can now be undertaken. F i n a l l y , t h e described systems can be s u c c e s s f u l l y used i n t h e studies o f adsorption, heterocoagulation, and adhesion phenomena as t h e y a l l o w f o r a b e t t e r comparison between t h e experimental r e s u l t s and t h e o r e t i c a l expectations.
Numerous i n v e s t i g a t i o n s d e a l i n g w i t h problems mentioned above have been r e p o r t e d i n r e c e n t years. However, owing t o t h e r e s t r i c t i o n i n space, these c o u l d n o t be d e a l t w i t h i n t h i s write-up,
